T he modus operandi is first to a d ju st th e d ial an d B ra G alvanom eter Y rem ain s a t zero, th e n a d ju st th e index an d B rush C u n til G alv an o m eter C rem ain s a t zero. T he an g le in d icated is th e n . ex actly 2w£/T, m easu rin g th e difference of phase b etw een E .M .F . and c u rre n t.
O n th e 8 th J a n u a ry , 1894, an accid en t occurred a t B ournem outh of a n u n u su al n a tu re . A n om nibus w as in th e ac t of draw ing up in th e roadw ay outsid e th e Im p e ria l H otel, w hen th e horses suddenly fell down, a n d one o f th em died in a few m in u tes.
A ll th e m en who assisted in e x tric a tin g th e horses fe lt tin g lin g sen satio n s in th e ir lim bs suggestive of electrical shock, and th e con nexion fro m 'th e m ain s o f th e B ournem outh E lec tric L ig h t Com pany to th e h o tel was k now n to pass u n d ern eath th e spot a t w hich th e accident occurred.
T his C om pany use th e h ig h p re ssu re a lte rn a tin g system a t 2,000 volts pressure, a n d in th e case of th is hotel th e tran sfo rm ers were in stalle d upon th e prem ises.
On in v estig atio n , a d efect in th e in su latio n of one of th e h ig h pres sure service lines w as discovered, from w hich sp ark in g h ad evidently tak en place to th e enclosing 1^-in. w ro u g h t iro n pipe.
T his p ipe was 32 ft. long, laid a t a dep th of ab o u t 18 in., an d te r m in ated a t a b rick ju n ctio n box un d er the roadw ay, and a brick and cem ent area w all a t th e hotel. T he ends w ere th u s fairly insulated, while th e re st of th e pipe w as in co n tact w ith th e earth.
T he accident took place d u rin g th e progress of a thaw , a fte r a very severe fro st.
U pon consideration of th e case, M ajor C ardew rep o rted to the B oard of T ra d e th a t in his opinion th e accident was caused by leakage from th e sh o rt le n g th of ch arg ed pipe, affecting the poten tia l of th e surface of th e g ro u n d to such an e x te n t th a t between th e fore an d hind feet of th e horse a sufficient difference of poten tial was established to give rise to th e c u rre n t w hich proved fatal.
A t th e sam e tim e, as th e fact of such a re su lt follow ing from a sim ple con tact w ith o rd in ary road m aterial was a new experience of the possible dangers attending the commercial supply of electrical energy, it was th ought desirable to repeat the conditions as nearly as possible, and measure the results obtaiued.
As such an experim ent could not, for obvious reasons, be satis factorily carried out in London, it was arranged th a t it should be tried at Chatham, where the necessary apparatus was available.
A first experim ent was made on the 26th January, 1894. In this a lenyth of 33 ft. 3 in. of 2-in. iron pipe was buried to a depth of 18 in. w ithin the salient of one of the demi-bastions at St. M ary's Barracks, Chatham.
A piece of well insulated 37-strand No. 16 cable was inserted in this pipe so th at the ends of the conductors m ade good contact with the inside of the pipe at its centre point.
Over th e centre of pipe two 56-lb. w eights were placed on the surface of the ground, and at a distance of 4 ft. laterally another pair of 56-lb. weights were sim ilarly placed.
A 16-kilowatt altern ator was connected by means of an under ground cable laid in stoneware pipes to the piece of cable in the 2-in. pipe.
The other pole of the alternator was connected to a 1^-in. service pipe in connexion w kh the barrack w ater mains. One end of this service pipe was in connexion w ith a hydraulic ram set in the ground at a distance of 140 ft. from the piece of buried pipe.
An 800-volt. Thomson static voltm eter was connected across the term inals of the alternator, and a p air of leads, well insulated, were attached by means of screws to the two pairs of weights situ ated over the buried pipe. These leads were ru n back together to the experim ent room, and were connected alternately to a 140-volt static voltmeter and a Cardew voltmeter.
The voltage of the alternator was varied by means of th e exciting current which was taken from accumulators.
The readings on both voltmeters are given in Table I . As the earth resistance was rather low, the alternator could not be run up above 400 volts without overheating the arm ature. Fig. 1 is a diagram of the arrangem ent. The results show a potential difference between points 4 ft. apart on the surface of over 20 per cent, of the whole P.D. used to charge the pipe when measured statically, and even when a current of nearly 1/10 ampere was drawn from the ground through a Cardew volt m eter the P.D. was more than 10 per cent, of the whole.
The propinquity of the scarp walls, however, appeared likely to have, to some extent, influenced the direction of the lines of flow of current, and it was determined to repeat it, changing the position of the pipe and extending the tests to a greater distance from the pipe. The second experiment was carried out on the 16th March, 1894.
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The arran g em en ts are shown on fig. 2 , and the results given in Table II . A n in te re stin g note m ade on th is experim ent is as follow s:-" T he soil in w hich th e pipe w as buried was loamy, and when digging th e tren c h no w orm s were noticed, but tow ards the conclu sion of th e ex p erim en t i t was observed th a t hundreds of worm s came to th e surface betw een 3 ft. and 9 ft. on either side of th e p ip e ; no worms appeared, however, im m ediately over the pipe. The ground was much, drier than was the case in the first experi ment, and, probably in consequence of this, it appears th at while the statical P.D. between the two first weights is relatively greater in the second than in the first experiment, the P.D. obtained with a current-using instrum ent is relatively less.
The statical P .D .'s to be observed extended rath er beyond the range of one voltmeter. Thus, between weights A and B no statical M ajor C ardew and M ajor Bagnold. On the [June 2 observations could be taken beyond a charging pressure of 440 volts, while between weights C and D the P.D., even w ith 610 volt charging pressure, was too small for exact measurement. By interpolating an approxim ate value for the fall of potential between A and B from the readings obtained on the Cardew volt meter, a rough curve of the fall of potential on the surface of th e ground for a charging pressure of 610 volts is obtained, as shown in fig. 3 , Curve a, the h eight of the curve above absolute zero being D D is t a n c e .
made consistent w ith th e evident approach of the curve to its asymptote at D. In this case, therefore, the effect of the leakage extended to a distance of about 14 ft. from the pipe, and the fall of potential on the surface appears to have been most rapid at a distance from the line immediately above the pipe equal to twice the depth at which it was buried.
A third experiment was carried out on the 22nd May, 1894, w ith the same arrangements as in the second experiment. The objects for which th is was undertaken were chiefly to obtain a record of the variation of P.D. on the surface w ith the charging current, which had not been previously recorded, to obtain results from charging with continuous, as well as alternating, current, and to extend the investigation as regards the latter.
Unfortunately, th e continuous current generator could not be used, owing to a mechanical defect, which could not be removed in the limited time available. Still, the results obtained w ith alternating current are, it is considered, of some value, especially as the condition of the ground was different from th at which existed at the time of VOL. LVI. s eith er of the two form er experim ents, it being wet on the surface w ith rain falling during a portion of the time, and dry underneath.
Curve 6 in fig. 3 appears to show by its form th e effect of this state of th e soil, the fall of potential from B to D being approximately indicated by a straig h t line. T hat is to say th a t the current flow was practically entirely confined to the surface layer. The curve is deduced from the results of experim ents shown in Table II 
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In order to obtain a direct indication of the statical P.D. between weights A and B, the voltm eter which had been used for recording the charging pressure was connected to these points and observations taken, when the exciting current for the field m agnets of the dynamo and the charging cu rren t to the pipe were practically the same as in a previous set of experim ents, for which the charging volts were known. Both sets of experim ents are shown in the table. The dis turbance of the worms was again very distinct, and they appeared, on reaching the surface, to set th eir bodies parallel to the pipe, or along an equipotential line.
The experiments, as a whole, show conclusively th at, under very different conditions of w eather and am ount of m oisture in the soil, it is possible to produce a fall of potential am ounting to 25 per cent, of the whole pressure in the supply between points on the surface of the ground 4 ft. apart, a distance which most horses stand over, and, further, that, although the connexion of such points by a conducting body naturally reduces th is potential difference, yet, when this con ductor has about the resistance of a horse (say 400 ohms), sufficient current w ill pass to give a severe shock.
It is hoped that, when opportunity serves, these experim ents may he extended to the case of pipes buried to greater depths, and to observe whether any difference is produced by the use of a steady, in place of an alternating pressure.
VI. " On the Viscosity of Water as determined by Mr. J. B.
Hannay by means of his Microrheometer." By Robert E. Barnett, A.R.C.S. Communicated by Professor T. E. T horpe, F.R.S. Received May 6, 1894.
In a paper entitled " On the M icrorheom eter," published in the 1 Philosophical T ran sactio n s' for 1879, Vol. 170, p. 275, Mr. J. B.
Hannay describes an apparatus w ith which he made measurements of the rate of flow of w ater, and of some aqueous saline solutions through a capillary tube, and he deduces from the observations cer tain relations between the chemical nature of the salt dissolved, and its effect on the rate of flow of water. Inasmuch as Mr. H annay furnishes us w ith details of the dimen sions of his apparatus, I have, at Professor Thorpe's suggestion, transformed his relative num bers into absolute measure of viscosity in order to compare his results with those of other workers. The data given are as follows :-Diam eter of capillary tube = 0*0938 mm. L ength " = 2 1 mm. Capacity .of glass bulb = 4*0530 c.c. The time of flow was measured by a stop-watch, and each num ber recorded was the mean of ten observations. s 2
